"Primary" ear and temporal bone meningiomas are tumors that are frequently misdiagnosed and unrecognized, resulting in inappropriate clinical management. To date, a large clinicopathologic study of meningiomas in this anatomic site has not been reported. Thirty-six cases of ear and temporal bone meningiomas diagnosed between 1970 and 1996 were retrieved from our files. Histologic features were reviewed, immunohistochemical analysis was performed (n ‫؍‬ 19), and patient follow-up was obtained (n ‫؍‬ 35). The patients included 24 females and 12 males, aged 10 -80 years (mean, 49.6 years), with female patients presenting at an older age (mean, 52.0 years) than male patients (mean, 44.8 years). Patients presented clinically with hearing changes (n ‫؍‬ 20), otitis (n ‫؍‬ 7), pain (n ‫؍‬ 5), and/or dizziness/vertigo (n ‫؍‬ 3). Symptoms were present for an average of 24.6 months. The tumors affected the middle ear (n ‫؍‬ 25), external auditory canal (n ‫؍‬ 4), or a combination of temporal bone and middle ear (n ‫؍‬ 7). The tumors ranged in size from 0.5 to 4.5 cm in greatest dimension (mean, 1.2 cm). Radiographic studies demonstrated a central nervous system connection in 2 patients. Histologically, the tumors demonstrated features similar to those of intracranial meningiomas, including meningothelial (n ‫؍‬ 33), psammomatous (n ‫؍‬ 2), and atypical (n ‫؍‬ 1). An associated cholesteatoma was identified in 9 cases. Immunohistochemical studies confirmed the diagnosis of meningioma with positive reactions for epithelial membrane antigen (79%) and vimentin (100%). The differential diagnosis includes paraganglioma, schwannoma, carcinoma, melanoma, and middle ear adenoma. Surgical excision was used in all patients. Ten patients developed a recurrence from 5 months to 2 years later. Five patients died with recurrent disease (mean, 3.5 years), and the remaining 30 patients were alive (n ‫؍‬ 25, mean: 19.0 years) or had died (n ‫؍‬ 5, mean: 9.5 years) of unrelated causes without evidence of disease. We conclude that extracranial ear and temporal bone meningiomas are rare tumors histologically similar to their intracranial counterparts. They behave as slow-growing neoplasms with a good overall prognosis (raw 5-y survival, 83%). Extent of surgical excision is probably the most important factor in determining outlook because recurrences develop in 28% of cases.
omas in this location are frequently encountered in the differential diagnosis with paraganglioma, schwannoma, middle ear adenoma (carcinoid tumor), carcinoma, and melanoma. We studied 36 cases of primary ear and temporal bone meningiomas to describe the clinical findings associated with these tumors, illustrate their pathologic features, document their immunophenotype, apply meningioma grading parameters as proposed by the World Health Organization Classification of Brain Tumors (40) , and analyze these data as they relate to patient outcome in a single comprehensive study. Our results are analyzed in comparison to a review of the English literature.
MATERIALS AND METHODS
The records of 36 patients with tumors diagnosed as meningiomas primarily involving the ear and temporal bone without an obvious intracranial tumor mass or initial central nervous system connection were selected. The cases were retrieved from the files of the Otorhinolaryngic-Head & Neck Tumor Registry of the Armed Forces Institute of Pathology (AFIP), Washington, DC, between 1970 and 1996. These 36 cases were chosen from a review of 1771 (2.0%) benign or malignant primary ear and temporal bone tumors seen in consultation during this time.
Materials within the Institute's files were supplemented by a review of the patient demographics (gender, age); symptoms and physical findings and duration at presentation, including mass, hearing loss, bleeding, infection, pain, headaches, weakness, syncope or dizziness, nerve paralysis, discharge, equilibrium changes, tinnitus and/or popping, and visual changes; and medical and surgical history (specifically related to the ear and temporal bone and regarding the presence of neurofibromatosis). In addition, we reviewed radiographic, surgical pathology, and operative reports and obtained follow-up information from oncology data services by written questionnaires or direct communication with the treating physicians or the patient. Follow-up data, available for all patients, included information regarding tumor location, presence of recurrent disease, treatment modalities used, and current patient status. This clinical investigation was conducted in accordance and compliance with all statutes, directives, and guidelines of the Code of Federal Regulations, Title 45, Part 46, and the Department of Defense Directive 3216.2, relating to human subjects in research.
The macroscopic pathology observations noted within this study were gathered from the individual gross descriptions of the neoplasms given by the contributing pathologists. Hematoxylin and eosinstained slides from all cases were reviewed to confirm the diagnosis of meningioma. Meningiomas were classified according to subtype based on the World Health Organization 2000 criteria (40) . Lesions were considered atypical if they possessed a mitotic rate of more than four per 10 high-power fields (2.5 mm 2 ; 41, 42) and/or had at least three of the following histologic features: hypercellularity, growth of tumor cells in sheets, prominent nucleoli, necrosis, and small cell formation (43) .
Immunophenotypic analysis was performed in 19 cases with suitable material. The standardized avidin-biotin method of Hsu et al. (44) was used, using 4-m-thick, formalin-fixed, paraffinembedded sections. Table 1 documents the pertinent commercially available immunohistochemical antibody panel used. The analysis was performed on a single representative block in each case. When required, proteolytic antigen retrieval was performed with predigestion for 3 minutes with 0.05% Protease VIII (Sigma Chemical Co, St. Louis, MO) in a 0.1 M phosphate buffer at a pH of 7.8, at 37°C. Antigen enhancement (recovery) was performed, as required, using formalin-fixed, paraffin-embedded tissue treated with a buffered citric acid solution and heated for 20 minutes in a calibrated microwave oven. After this, the sections were allowed to cool at room temperature in a citric acid buffer solution for 45 minutes before the procedure was continued. Standard positive and negative (serum) controls were used throughout. The antibody reactions were graded as weak (1ϩ), moderate (2ϩ), and strong (3ϩ) staining, and the fraction of positive cells was determined by separating the percentage of positive cells into four groups: Ͻ10%, 10 -50%, 51-90%, and Ͼ90%, specifically for the proliferation marker (Ki-67).
A review of English-language publications (MED-LINE years 1966 to 2002) was performed, and all cases primarily involving the ear and temporal bone were included in the review. Cases that involved only the skin overlying the temporal bone, orbit, oral cavity, nasal cavity, nasopharynx, sinuses, or soft tissues of the neck were excluded.
RESULTS

Clinical
The patients included 24 females and 12 males ( Table 2) . Their ages ranged from 10 to 80 years, with an overall mean age at presentation of 49.6 years (median, 51 years). The average age at presentation for women was older than that for men: 52.0 and 44.8 years, respectively, which was statistically significant (P ϭ .01). Patients most frequently presented with hearing changes (n ϭ 20), either sensorineural or conductive. Other symptoms included otitis, headaches, dizziness, unsteadiness, vertigo, disequilibrium, tinnitus, otalgia, bleeding, "metallic taste," and a chronic cough ( Table 2) . Facial or other cranial nerves were involved in four patients. There were no asymptomatic patients or patients with visual changes. Of further interest, no patient reported being part of a kindred with von Recklinghausen's disease or any other phakomatosis. The duration of symptoms ranged from 2 weeks to 192 months, with an average of 24.6 months. The overall long duration of symptoms is most likely related to their nonspecific nature, and the patients were frequently managed without a specific diagnosis. On average, female patients (mean, 16.3 mo) experienced a shorter duration of symptoms than did male patients (mean, 41.0 mo). However, this difference was not statistically significant. Furthermore, there was a statistically significant difference in the mean duration of symptoms as compared with the anatomic site of distribution: external auditory canal (47.3 mo); middle ear (24.7 mo); temporal bone (20 mo); and mixed locations (7.6 mo; P ϭ .008). This implies that lesions that involve more than one site present with a shorter clinical history.
Radiographic Studies
Roentgenographic procedures were performed in the majority of patients and included conventional skull radiographs, computed tomography (CT), angiography, and magnetic resonance imaging (MRI). Plain radiographs and CT were used most frequently. A middle-ear mass with diffuse cloudiness suggestive of severe mastoiditis or otitis media was the most frequent radiographic observation. Fluid levels in the air spaces were also identified. Bone destruction or displacement was not noted. Focal bone remodeling was identified by sclerosis or hyperostosis. From a radiographic perspective, no documented central nervous system (CNS) connection was identified in 27 patients, a CNS connection was documented in 2 patients (although after the initial surgery), and a CNS connection was unknown in 7 patients (Table 3 ). All tumors were centered in the middle ear and/or temporal bone. An MRI scan with a T1-weighted, gadoliniumdiethylenetriamine pentaacetic acid (Gd-DTPA) enhancement was used to underscore the nature of the lesion and the extent of the tumor in the temporal bone region (only in more recent cases). Fourteen patients had radiographic studies interpreted as normal.
Pathologic Features
Macroscopic
The tumors occurred in the middle ear alone (n ϭ 25), external auditory canal only (n ϭ 4), temporal bone only (n ϭ 2), and involving the temporal bone, middle ear, and external auditory canal combined (n ϭ 5; Table 3 ). Extension into the eustachian tube was documented in one tumor arising from the middle ear. All tumors were unilateral, and the majority affected the right side (n ϭ 25). The tumors , as opposed to in the external auditory canal (mean, 1.1 cm), in the middle ear (mean, 1.1 cm), or in a mixed location (1.2 cm; P ϭ .02). As a result of surgical procedures, the pathologist received the tumors fragmented into small pieces, without an obvious surface epithelium. Lesions from the external auditory canal and middle ear were described as polypoid (Fig. 1) . The tumor samples were firm and grayish white to pink.
Microscopic
The majority (n ϭ 33) were meningothelial (syncytial) meningiomas (Table 4) , composed of lobules of neoplastic cells with indistinct borders and round to oval nuclei with delicate chromatin (Figs.  1, 2 ). There were 2 psammomatous meningiomas (Fig. 2 ), although 13 tumors had psammoma bodies. One tumor was classified as atypical meningioma with more than four mitotic figures per 10 high power fields. Intranuclear pseudoinclusions (n ϭ 28; Fig. 3 ) were identified in both subtypes. Surface epithelium was present in a few tumors. Microscopic bone invasion was present in 10 cases. A particularly remarkable finding was cholesteatoma in association with the meningioma in 9 cases. This finding was not associated with a high recurrence rate: when a cholesteatoma was present, 22.2% of patients developed a recurrence, whereas 29.6% of patients without a cholesteatoma developed recurrent tumor.
Immunohistochemical Results
All lesions tested reacted strongly and diffusely with vimentin (Table 5 ). The majority exhibited weak and focal reactivity with epithelial membrane antigen (79%; Fig. 4) . Four tumors revealed S-100 protein immunoreactivity, and two, focal immunoreactivity with keratin and CK7, often in a "prepsammomatoid" architecture (Fig. 4) . Fifty-six percent demonstrated Ki-67 immunoreactivity ranging from 1ϩ (n ϭ 6) to 3ϩ (n ϭ 3), but this affected Ͻ5% of the nuclei in the specimen. One tumor focally expressed synaptophysin. There was no reactivity with antibodies against glial fibrillary acidic protein, chromogranin, or synuclein.
Treatment and Follow-Up
All patients were treated by partial or complete surgical excision; complete surgical removal of the tumor was usually not possible as a result of the complex anatomy of the ear and temporal bone. No patients received adjuvant chemotherapy or radiation therapy. Follow-up data was obtained in 35 patients. One patient was lost to follow-up.
Of these 35 patients, 5 had died with local disease (mean, 3.5 years). Four patients were female, and one was male, with tumors involving the middle ear (n ϭ 4) or mixed location (n ϭ 1). The mean tumor size was 1.6 cm. All meningiomas were meningothelial, and an associated cholesteatoma was noted in one patient. These patients were managed with wide local excision and had from 1 to 4 recurrences between 7 months and 4.8 years. Perhaps a few tumors could be considered residual disease rather than recurrent disease, but we did not make that distinction given the anatomic restrictions of the area and the fact that we are a referral institution (i.e., total gross excision was unknown). Mastoiditis developed in 3 of the 5 patients, seeding the peripheral blood to cause systemic sepsis, which resulted in death. One patient died of myocardial infarction and at autopsy was noted to have residual tumor. The remaining patient died of a stroke but had meningioma present at the skull base and neck. The remaining 30 patients were alive (n ϭ 25, mean ϭ 19.0 years) or had died of unrelated causes (n ϭ 5, mean ϭ 9.5 years) without evidence of tumor (range, 1.4 -23.6 years). This yielded a raw 5-year survival rate of 80%; a 5-year disease-free survival rate of 77.1%; a raw 10-year survival rate of 68.6%; and a 10-year disease-free survival rate of 68.6%. We conclude that if the patients did not have Ten patients developed local recurrence ranging from 5 months to 4.8 years after the initial presentation. The 2 patients who developed tumor within 5-9 months after original surgery were interpreted to probably represent residual disease after incomplete excision because the tumors were present FIGURE 4. Epithelial membrane antigen reactivity was usually weak and focal (left), whereas CK 7 was immunoreactive in a "pre-psammoma body"-like distribution. within a few months of the initial resection and it is often difficult to obtain tumor-free surgical margins. The remaining recurrences were present at the same site as the previous tumor, although usually those in the recurrence specimen were more infiltrative. Of these 8 patients with recurrent disease, 5 had died with disease (mean, 3.5 years), whereas the remaining 3 were alive without evidence of disease (mean, 16.3 years). The specific site of origin (Table 6 ), patient gender, presence of bone invasion, histologic type, presence of a cholesteatoma, or an increased percentage of Ki-67 immunoreactive cells did not alter the long-term patient outcome.
DISCUSSION
Arachnoid cells (arachnoid granulations, meningocytes, meningothelial cells, pacchionian bodies) are thought to arise from neural crest. They normally line the inner aspect of the arachnoid membrane and fill the cores of the arachnoid villi that project into the lumens of dural veins and venous sinuses. Increasing evidence supports the development of meningiomas from arachnoid cap cells, with different mechanisms to suggest how extracranial meningiomas arise. In the ear or mastoid bone specifically, an intracranial meningioma can extend by the path of least resistance and follow the tegmen tympani (through dehiscence), the sulci of the greater and lesser superficial petrosal nerves, the posterior fossa plate (geniculate ganglion area), the internal auditory canal (porus internus, lateral semicircular canal, or perilabyrinthine cell tracts), or the jugular foramen by direction extension, origination from arachnoid cell clusters in the sheaths of cranial nerves or vessels as they exit foramina or suture lines of the skull, or without any apparent demonstrable connection to the CNS (8, 10, 12, 18, 23, 27, 31, 35, 39, (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) . Arachnoid cells are identified outside the neuraxis, thereby giving rise to meningiomas in the ear and temporal bone.
Up to 20% of intracranial meningiomas may have extraneuraxial extension (3, 36, 38, (45) (46) (47) 55) , including the skull, scalp (all cutaneous sites), orbit, upper airway involvement (nasal cavity, paranasal sinuses, nasopharynx), soft tissues, and ear and temporal bone. However, when the scalp, orbit, sinonasal tract, oral cavity, and soft tissues are excluded, the incidence decreases to Ͻ1% (9, 35, 36, 46, 51, 55, (57) (58) (59) . Primary ear and temporal bone meningiomas made up only 2.0% of the benign or malignant primary ear and temporal bone tumors seen in consultation at the AFIP during the period of study. This information further supports the rare nature of this neoplasm in the ear and temporal bone.
Most of the reported cases involving the ear and temporal bone represent secondary extension from an intracranial lesion (2-19, 21-38, 46, 47) . Extracranial meningiomas arising from the ear and temporal bone (middle ear, tympanic membrane, and external ear canal specifically), without any evidence of an association with an intracranial tumor (also called heterotopic, ectopic, or extracal- A, NED: alive, no evidence of disease; A, WD: alive, with disease; D, NED: Dead, no evidence of disease; D, D: dead, with disease; n/a: not applicable; *: one patient was lost to follow-up; NOS: not otherwise specified. varial), are rare (2, 4, 5, 7, 9 -12, 14 -17, 19, 29, 32,  36) , and most of the reported cases were published before modern radiographic imaging techniques were available to exclude intracranial tumor. Whereas two of our cases demonstrated an intracranial component, whether radiographically, at surgery, or in postoperative workup, 34 cases were diagnosed as primary ectopic meningiomas of the ear and temporal bone, based on a lack of clinical, radiographic, operative, or follow-up data to support an intracranial lesion. Therefore, one cannot be absolutely certain as to the point of origin of ear and temporal bone meningiomas. Although autopsy examination failed to disclose an intracranial primary in 6 of the 10 patients who died, the distinct possibility of an intracranial fraction must always be considered (8, 27, 28, 45, 54) .
In this series, ear and temporal bone meningiomas were not only more common in female than male patients (ratio of 2:1), but female patients were also significantly older (mean, 52 years) than male patients (mean, 45 years; P ϭ .01; 2, 11, 27, 47, 60). The average age at presentation of our patients (49.6 years) was not different from the middle-aged figure used for intracranial meningiomas without any extracranial extension. No patients in this clinical series had any syndrome-associated meningiomas, although such patients have been reported elsewhere (61) .
Symptoms were nonspecific for the patients reported in the literature and for our patients, with progressive hearing loss (either sensorineural or conductive-type hypoacusis) recounted most often. Because of the rarity of these tumors and their nonspecific clinical and radiographic features, it is not surprising that the average duration of clinical symptoms in this series was 24.6 months, similar to that for the patients reported in the literature, with a number of patients experiencing symptoms for Ͼ10 years (2, 9, 47) . Therefore, a correct diagnosis of ear and temporal bone meningiomas cannot be made without histologic evaluation, especially because the roentgenographic findings are usually nonspecific (62) . Nearly half of the patients had radiographic images interpreted as "normal," suggesting that the tumor can be quite small. Highresolution scanning is probably requisite for an accurate determination of the extent of the tumor. Meningiomas often show a proclivity for local permeation of crevices, suture lines, and foramina of the skull (25, 35, 49, 55, 62) . It may be difficult to demonstrate an intracranial component to the meningioma, especially if there is a clinically silent (asymptomatic) or a radiographically obscure en plaque growth, which creates a small dural or intracranial component while the bulk of the tumor grows beyond the cranial vault. However, Gd-DTPA-enhanced MRI has a much higher sensitivity for meningiomas than does CT (20, 25, 28, 35, 49, 62, 63) .
Like their intracranial counterparts, ear and temporal bone meningiomas may exhibit a variety of different histologic patterns even though most cases in this series were meningothelial or psammomatous meningiomas. One tumor was classified as atypical meningioma based on mitotic activity of more than four per 10 high-power fields, but this patient did not develop recurrence and is alive 16.8 years later, without evidence of disease. The differential diagnosis of ear and temporal bone meningiomas includes a variety of benign and malignant neoplasms, with paraganglioma and schwannoma the most frequent misdiagnoses (64) . The general histologic features and immunohistochemical findings can usually differentiate between these tumors. Paragangliomas have an organoid growth pattern, with clear to basophilic cytoplasm surrounding hyperchromatic nuclei and a distinctive immunoprofile (chromogranin-positive paraganglia cells and S-100 protein-positive sustentacular cells). A meningocele can occur in the middle ear and temporal bone, but histologically they are cystic, have a connection to the central nervous system, and are usually congenital or "acquired" after surgery, infection, or trauma (59, 65) . A neuroendocrine adenoma of the middle ear has a more organoid growth, with neuroendocrine nuclear features and strong keratin, chromogranin, and human pancreatic polypeptide immunoreactivity (66) . The immunohistochemical profile of ear and temporal bone meningiomas was indistinguishable from that of intracranial lesions, with vimentin, epithelial membrane antigen, and S-100 protein immunoreactivity. The degree of cellular proliferation, as assessed by immunostaining with Ki-67, was extremely variable. The cases that were immunoreactive tended to be strongly reactive, but only in a few nuclei. The overall proliferation index was unrelated to prognosis and therefore does not seem valuable in the workup of ear and temporal bone meningiomas (67) (68) (69) .
In general, the prognosis of primary meningiomas of the ear and temporal bone appears to be excellent, with an overall raw survival of 15.5 years (Table 6 ; 2). The recurrence rate for meningiomas after total excision varies from 7-84%, depending on the number of years of follow-up (2, 18, 46, 70) , with our rate of 28% falling within this range. This is similar to the case of intracranial meningiomas, which have a recurrence rate of Յ20% and a mean survival of around 7 years (46, 70) . In our study, there was little difference between the 5-year and 10-year disease-free survival rates (82.1% versus 78.6%, respectively), indicating that once the patients had been disease free for 5 years, they were unlikely to die with tumor. This finding is different from the case of meningiomas in general, in which the recurrence rate increases with protracted follow-up (6% recurrence at 5 years and 20% recurrence at 15 years; 70). Either finding supports the insidious, slow, indolent but still aggressive growth of ear and temporal bone meningiomas. Therefore, meticulous surgical extirpation of primary ear and temporal bone meningiomas is important to minimize the recurrence rate, without the necessity of adjuvant therapy. Although surgery is the treatment of choice, there are a number of challenges because of the invasiveness of the tumors and the complexity of the anatomy of the ear and temporal bone, especially if cranial nerve function and hearing preservation is intended. Therefore, it probably is best to use a multidisciplinary approach with a combination of intracranial, temporal bone (subtemporal, translabyrinthine, or transcochlear), and skull base (suboccipital) techniques to achieve total resection, possibly including widely exenterative procedures to achieve this end (12, 13, 18, 21, 71) . Although none of the patients in this series received radiation therapy, such therapy has been suggested to yield a possible improvement in survival in cases of meningioma of the central nervous system (72) . Additional analysis of ear and temporal bone meningiomas would be necessary before this trend toward improved survival with radiation therapy can be confirmed.
Metastatic dissemination of these meningiomas did not occur in any of our patients, nor did we find any convincing cases in the literature. Based on this series and a review of the literature, none of the clinical, radiographic, or pathologic features correlated with patient outcome, although female patients did tend to develop recurrent disease more frequently. If death with tumor does result, it is usually the result of involvement of the vital structures of the ear and temporal bone region or complications of the surgery, rather than the aggressive nature of the tumor.
In summary, ear and temporal bone meningiomas are uncommon tumors whose clinical and radiographic features are nonspecific, and consequently an accurate diagnosis requires histologic evaluation. Females are affected more frequently than males and in general offer initial presentation at an older age, with hearing loss. Histologically and immunophenotypically, ear and temporal bone meningiomas are indistinguishable from their intracranial counterparts, but an awareness of these characteristic pathologic and immunohistochemical features should allow distinction from paraganglioma and schwannoma. Complete surgical eradication of the neoplasm will yield the best longterm clinical outcome, although recurrences occur in Յ20% of cases.
